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Intra-row Weed Detection Based on a Binocular Stereo Vision System

for the Weeding Robot

Abstract

Weed control include manual, mechanical, quarantine, biologic, chemical methods, etc.
Precision techniques for site-specific weed management has been studied by various
researchers as it has the potential to minimize the volume of herbicides and to reduce
environmental pollution caused by excessive use of chemical application. Development of a
visual method of detecting intra-row weed under the highly variable conditions remains the
greatest challenge in site-specific weed management.

Intra-row weed detection by machine vision poses particular difficulties due to the similar
color of crop and weed. In this study, an image processing algorithm for crop and intra-row
weed discrimination at V2-V3 growth stages utilizing a binocular stereo vision system was
developed and evaluated. The proposed methods use color feature to extract vegetation from the
background, whilst height and plant spacing information analysis techniques are applied to
discriminate between crop and weeds.

Stereo matching is the key step toward height feature acquisition, however, it is generally a
time-consuming process. The main objective of this research is to develop a real-time image
processing algorithm for intra-row weed detection. The proposed methods use color feature to
extract vegetation from the background, whilst height and plant spacing information analysis
techniques are applied to discriminate between crop and weeds. During the stereo matching
process, correspondence search was performed on edged stereo images and disparity calculation
was applied only to the pixels of edges. This strategy can largely reduce the correspondence
search range, thereby enhance the weed detection speed and accuracy.

The proposed stereo processing algorithm runs at about 0.041s, which cuts the runtime by
84.4%. The detected distance data inside 600mm is accurate within 2.5% error. The use of
stereo vision system combined with prior information of plant spacing information proved
successful in identifying crop plants with a classification accuracy (CA) of 88%, which renders

it suitable to real-time image processing for the weeding robot.

Keywords: Stereo Vision; Edge Stereo Matching; Intra-row Weed Detection; Height

Feature; Spatial Distrubuting Feature
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Figure 1-1. Inter-row weed and intra-row weed.
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Figure 2-1. Schematic description of the weeding robot.
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Figure 2-2. Pictures of the weeding robot.
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Figure 2-6. Principle of stereo vision geometry based on pinhole camera model.
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Figure 3-2. Histograms of crop/weed and background pixels.
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Figure 4-1. Disparity image created from the raw stereo images.
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Figure 4-2. Illustration of correspondence search in stereo images.
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Figure 4-3. Background segmentation of stereo images.
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e, iw Rl ih S35 BRI 5o D i S L, DBUR AL
LOG[m][n-1]-LOG[m][n+1]< 05 LOG[m—1][n]- LOG[m+1][n] <0  (4-11)

¥ 55 f(m, n)H 5 R A8 A
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MR 4-4 PR
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Figure 4-4. Comparison of edge detection.
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ox
OO _ 3020 = (o) @15)
y
St
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Figure 4-5. Edged stereo images-edge detetion using Canny operate.
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Figure 4-5. Disparity image created from the edged stereo images.
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||dl _21n| (4_20)

max min |

Horb, L4 p RIOKEEAE . MZEEP IR EEAERIL S RBAL B R, A 4-20 W]
DA BSEIR R ROR I ZE e, ORISR S SR . A, B B
SOREZEAE I, FERS R B L B iz

M T GARFAE VL FE AT A 2T 288 73 AU 22 5 L BRI S (R A X S IR P A1
W) BRI Gl 2 A T IE 5, AR R e B UL R 2 R o ASURGEER H 3 (B 55
e HARE MG . Rl ok, BEPINE R AT FP IR S po A pp #E UL R, 20
B dy AT dys WFEABATTZ T RO ZE RS i dy S50 AL 2 dye LR UK KL po A1 po
FITR B 23 18] 5 Py AT Py Z T HERIERG K . {2 R AL ZZ - 4-6(b)PT7n. AAL
ZEE R LLBB A HR AR DX R A5 38 mA AR oy, ARG B vy o T, R X AR
FRKEARRAR, R im0, RGN EEIE. & 4-1 50 T 4-5 15 K%
f b — R KA PR IG AR AR FR

£ 4-1 EHRGIH%IUEE S AL FR

Table 4-1 Coordinates of correspondence pixels in edged stereo images.

1,=255x

5 Z2 BB AR YA ZAFAE i A ER FIHIR
X Ak Y AAFR X A by Y AAFR
1 105 13 156 13
) 106 13 157 13
3 107 13 158 13
4 104 14 159 14
5 108 14 160 14
6 109 14 155 14
7 110 14 161 14
3 104 15 162 15
9 110 15 155 15
10 111 15 162 15
1 105 16 163 16
12 112 16 156 16
13 113 16 163 16
14 105 17 156 17
15 106 17 157 17
16 113 17 164 17
17 114 17 157 17
18 106 18 164 18
19 114 18 158 18
20 107 19 165 19
115 19 167 19

(%)
—
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22 107 20 158 20

23 108 20 159 20
24 115 20 166 20
25 116 20 168 20
2 108 21 169 21
27 109 21 170 21
28 117 21 159 21
29 118 21 160 21
30 119 21 170 21
1 120 21 171 21
0 121 21 160 21
3 109 22 161 22
34 110 22 171 22
35 121 22 161 22
36 11 23 162 23
37 112 23 171 23
18 121 23 162 23
39 112 24 165 24
40 113 24 166 24
A1 121 24 167 24
0 113 25 168 25
43 114 25 171 25
A4 119 25 163 25
45 120 25 165 25
46 121 25 169 25
47 114 26 170 26
48 115 26 171 26
49 118 26 163 26
50 115 27 165 27
51 116 27 163 27
5 117 27 164 27
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TE B R AL TORAED), ARF UL B R 32 R A R 2% e 18] 4-7 P k3 4k
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Figure 4-6. Flowchart of the overall image processing for the weed identification.
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Figure 4-8. Disparity image segmentation based on height feature.
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Table 4-2 Comparison of actual and stereo vision measured distances

5K BAE (mm) P41 (mm) 1% 72 {H (mm) FERE & 72 2(%)
400 408 8 2.0
450 461 11 2.4
500 507 7 1.4
550 558 8 1.5
600 603 3 0.5
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K, I ZE VS EORED) SN BE B o SEBRE N2 NS FORVED R,
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W5 EAR o HER I IR, AU 3 UGG B R, BRI IR T 20 PR AR R
TN TR AE ANk BB BRI 2 e, G A SRl 2, e BR B S8
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Figure 4-9. Histogram of disparity image.
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Figure 4-10. Measurement of the program running time.
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Table 4-3 Comparison of stereo matching time.

hae] JR A R H LA L A kA L =k bk RN
PRI 7] (5) T (s) LRI (s) A (s)
. 0.2626554 0.0408853
5 0.2628783 0.0408223
3 0.2626732 0.0403188
4 0.2629722 0.0404037
5 0.2628355 0.263 0.0408363 0.041
6 0.2629227 0.0407864
. 0.2629655 0.0408627
g 0.2626326 0.0405532
9 0.2629732 0.0408765
10 0.2627366 0.0408325
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Figure 5-1. Flowchart of the image processing for the intra-row weed identification.
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Figure 5-2. Image preprocessing and edge detection.
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Figure 5-4. Stereo matching apply to intra-row region and disparity image segmentation.
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Figure 5-5. Discription of the horizontal histogram.
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Figure 5-6. Weed detection using plant spacing information.
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Figure 5-9. Flowchart of the intra-row weed identification based on spatial anlysis.
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Figure 5-9. Intra-row weed identification based on spatial anlysis.
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Figure 5-10. Flowchart of intra-row weed identification.
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Figure 5-11. Module diagram of intra-row weed identification system.

53




A LA ARG, P DURE IR /N 10 2 B RO R I FREAT 70301, x4 Jal vt A et 14
P8 HENTGVE T L 5 BERFAEAS LS MR REAT X 00 o DAL, AR RGBT B R AR 22 0] 70 AR PE 45
PR PREEA AT AL I 2 A T U0 o NS A — D5 TR, i i o v BEARF AIE 25 B /s
(10 248 0t A J S 1 2 ) 3 A R AR FAL -0, 6 2 S A 1) 15 180 I ) DG S o /N2 A Ly
B BT R B, A AE HL5 T 0GR 0 o S S R R S W ko 0k i e e s
PR RRER A L7 UG e b AR BEAT VL IST, I AR AR O B o R0 L BB
EMZ ), RGO HAR B2 5 . K 5-10 Fros AT W AR U AR I o

R4 T A 15 B ERR LA PREE SR

O EmA—

JRUE ST AR ]
SRR > 150K A,

JYE
o fiERE

—fHEG

:::>m%mw

o
PR
PR

orE M

A 4

BRETEMS

UERCTRIAEY)

Bl 5-12 4T AZRERH RGN E

Figure 5-12. Sequence diagram of weed identification system.
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Intra-row Weed Detection Based on a Binocular Stereo Vision
System for the Weeding Robot

Abstract

Weed control include manual, mechanical, quarantine, biologic, chemical methods etc.
Precision techniques for site-specific weed management has been studied by various
researchers as it has the potential to minimize the volume of herbicides and to reduce
environmental pollution caused by excessive use of chemical application. Development of a
visua method of detecting intra-row weed under the highly variable conditions remains the
greatest challenge in site-specific weed management.

Intracrow weed detection by machine vision poses particular difficulties due to the similar
color of crop and weed. In this study, an image processing agorithm for crop and intra-row
weed discrimination at V2-V3 growth stages utilizing a binocular stereo vision system was
developed and evaluated. The proposed methods use color feature to extract vegetation from the
background, whilst height and plant spacing information analysis techniques are applied to
discriminate between crop and weeds.

To extract vegetation from other elements of the scene (i.e. soil, residues). The normalized
excess green index (ExG) was used with some modifications. The grey level image was
transformed into a binary image using Otsu method. Then, an area filter was applied to
segmented images to eliminate random noise in the image. Edges of crop and weed in the
binary stereo images were detected using the canny operator. Stereo process was then
performed on edged stereo images.

During the stereo matching process, correspondence search was performed on edged
stereo images and disparity calculation was applied only to the edge pixels. This strategy can
largely reduce the correspondence search range, thereby enhance the weed recognition speed
and accuracy.

The specific objectives were to identify the intra-row weed which is lower than crop by a
height-based segmentation method. Further detect the higher weed that is fail to process with
stereo vision system using interplant spacing information in the row. A histogram was found by
summing the plot along the plant row direction (X-axis). Peaks in the histogram should
correspond to the center location of plants (crop/weed). Due to irregular growth of plants and
weeds in an arable field, a low-pass filter was used to improve the tracking of plants.
Afterwards, the plant center position and plant width were determined. Once the location of
plants (crop/weed) are found, the distance between the plants and previous crop can be
calculated. The plant whose distance away from the previous crop nearest to the assuming
constant spacing is considered as crop, otherwise marked as weed.
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The proposed stereo processing algorithm runs at about 0.041s, which cuts the runtime by
84.4%. The detected distance data inside 600mm is accurate within 2.5% error. The use of
stereo vision system combined with prior information of plant spacing information proved
successful in identifying crop plants with a classification accuracy (CA) of 88%, which renders
it suitable to real-time image processing for the weeding robot.

Keywords. Stereo Vision; Edge Stereo Matching; Intra-row Weed Detection; Height Feature;
Spatial Distributing Feature
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